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Understanding how bees use resources at a landscape scale is essential for developing meaningful 25 management plans that sustain populations and the pollination services they provide. Bumblebees are 26 important pollinators for many wild and cultivated plants, and have experienced steep population declines 27 worldwide. Bee foraging behavior can be influenced by resource availability and the bee's lifecycle stage. 28
To better understand these relationships, we studied the habitat selection of Bombus atratus by tracking 29 17 queen bumblebees with radio telemetry in blueberry fields in Entre Ríos province, Argentina. To 30 evaluate land use and floral resources used by bumblebees, we tracked bees before and after nest 31 establishment and estimated home ranges using minimum convex polygons and kernel density methods. 32
We also classify the pollen of their body to determine which botanical resources they use from the floral 33 species available. We characterized land use for each bee as the relative proportion of GPS points inside 34 of each land use. Bumblebees differed markedly in their movement behavior in relation to nest 35 establishment. They moved over larger areas and mostly within blueberry fields before to nest 36 establishment, in contrast to after establishing the nest that they preferred the edges near forest plantations 37 and changed the nutritional resources by wild floral species. Our study is the first to track queen bumblebee 38 movements in an agricultural setting and relate movement change across time and space with pollen 39 resource availability. This study provides insight into the way bumblebee queens use different habitat 40 
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We classified the study area vegetation that cover 124 3,141.5 km 2 using five land uses categories (LUC hereafter). 125
The LUCs were grouped into: 1) Blueberry, the area 126 occupied by blueberry field; 2) Forest plantations, 127 comprised of planted blocks of Pinus and Eucalyptus spp. 128 and windbreak of Casuarina spp.; 3) Semi-natural area, 129 including pastures, abandoned lots, areas in recovery and 130 road margins; 4) Other fruits, primarily citrus; and 5) Developed, representing human-constructions such 131 as houses, barns and roads. The classification was done using the "Google Satellite" option of the 132 "OpenLayers plugin" tool of QGIS (version Essen 2.14.3, available at https://www.qgis.org/es/site/), with 133 a WGS / Pseudo Mercator projection (EPSG: 3857). We then calculated the proportional use of each land 134 cover type based on the observed GPS locations, giving each observed point a class (e.g., blueberry or 135 semi-natural) and quantifying the relative frequency of occurrence for each bee individual, allowing us to 136 compare habitat use before and after nesting. These LUCs were then used in further analysis (described 137 below). 138 7 Bee home ranges and habitat selection.
139
To estimate the home range and habitat selection of the queen bumblebees, we used two methods: 140
Minimum Convex Polygon (MCP) and kernel density (KD). These two methods show complementary 141 information on home range and habitat use, with MCPs representing the furthest ranging territory of the 142 bees and the KD demonstrating which habitats the bees were most likely to use [43] [44] [45] . These metrics 143 thus show us where the queens can fly and what LUC they use more intensely and thus prioritize [46] . 144 MCP were calculated from the connected perimeter of the 5 most external recorded GPS locations 145 taken for each individual. This method generates a polygon with an area equivalent to the minimum 146 portion of the landscape used by each individual. From the MCP, we made inferences on the way they 147 move, maximum flight distances, and preferences for any land use present within the landscape (land uses 148 categories, described below). As the maximum flight distance, for each individual we used the most distant 149 two vertices of the MCP [41] . We also characterized the shape of the polygon using two parameters: to characterize movement in animals, can be easily calculated and provide an accurate approximation of 160 the non-uniform two-dimensional movement areas.
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We calculated the KDs for B. atratus queens for both time periods. For this, we used the "Heatmap 162 plugin" tool of QGIS, to create a raster layer through the density of points observed in each stage studied. 163
For this calculation, we use the kernel function "Quartic (triponderated)" that resembles a circular kernel 164 with a fixed radius to 60 layer units, which defines the direct distance from the estimated point and 165 specifies the influence of the kernel [50] . It has been shown that this procedure is suitable for this purpose 166
[51]. The estimators of the Kernel functions calculated for both stages are presented in S2 Table.  167 168 Use of the floral resource around the agroecosystem. (Table 1) , with a tendency to forage within an oval shape (H = 1.87, p = 0.0702), whereas 211 after setting a nest bumblebees queens foraged in smaller and more elongated areas. The average 212 maximum flight distance was 642.58 ± 396.89 m, not finding significant differences between stages (H = 213 2.44, p = 0.1331) (Fig 2) . Before selecting a nest, queen bees focused on blueberry fields that were just beginning to flower. 225
After nest establishment, queens tended to forage in the periphery of the blueberry, often near semi-natural 226 habitats and other fruit LUC with blooming wild and domesticated plants (i.e., citrus plantations) (Fig 3) . 227
After nest establishment, queen bumblebees' home ranges appear to shrink. 228 The proportional use of different habitats differed in accordance with setting a nest. For instance, 234 they increased their foraging in forested areas once they established a nest (GLMM. Negative Binomial. 235 F = 6.11, p = 0.0259). Bees increased by nearly 66% their use of forest plantations (11.86 ± 4.00 %) once 236 they have a nest (Fig 4) . It should be noted that 56% of the nests observed were located on the edge (~ 3-237 5 m) of Eucalyptus grandis plantation or forest windbreaks of Casuarina sp., both of which are part of the 238 plantation LUC (S3 Table) . show an increase in the botanical diversity of pollen present on B. atratus of ~ 30% more species between 253 the peak of flowering and the post-peak (Table 2) (S4 Table) . 254 255 for native bees when they are adjacent to pollen-rich fields, and the semi-natural areas are harnessed for 340 the workers' protein-rich diet. We emphasize that we did not directly observe the bees using the bare soil 341 or the land uses developed during our study. 342
Bees provide vital ecosystem services as pollinators and we need to work to sustain these wild 343 pollinators. The management and conservation of these semi-natural land use categories is an important 344 part of achieving sustainability of agro-ecological systems because they help supplement bee nutritional 345 needs with diverse pollen sources [71] and nesting sites. Semi-natural habitats provide essential resources 346 for the formation and survival of the worker caste that, when upon emerging, will take the lead in 347 supplying the colony with pollen, and thus providing for the next season's queens [72] . Our work 348 contributes to the growing understanding of how bumblebees use the environment, and provides valuable 349 information for conservation planning and sustainable management of the land at a crucial moment in its 350 life cycle. We suggest that land owners and managers of agricultural lands should consider the full life 351 cycle of bees from nest formation to the worker bee emergence, and this longer-term perspective can help 352 maintain native bees in farmlands from year after year, maximizing the pollination service they provide. 
